Beta-2-microglobulin haplotypes in U.S. beef cattle and
association with failure of passive transfer in newborn calves by Clawson, Michael L. et al.
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Roman L. Hruska U.S. Meat Animal Research 
Center 
U.S. Department of Agriculture: Agricultural 
Research Service, Lincoln, Nebraska 
2004 
Beta-2-microglobulin haplotypes in U.S. beef cattle and 
association with failure of passive transfer in newborn calves 
Michael L. Clawson 
USDA-ARS, Mike.Clawson@usda.gov 
Michael P. Heaton 
USDA-ARS, mike.heaton@usda.gov 
Carol G. Chitko-McKown 
USDA-ARS, carol.chitkomckown@ars.usda.gov 
James M. Fox 
USDA-ARS 
Timothy P. L. Smith 
USDA-ARS, tim.smith@ars.usda.gov 
See next page for additional authors 
Follow this and additional works at: https://digitalcommons.unl.edu/hruskareports 
Clawson, Michael L.; Heaton, Michael P.; Chitko-McKown, Carol G.; Fox, James M.; Smith, Timothy P. L.; 
Snelling, Warren M.; Keele, John W.; and Laegreid, William W., "Beta-2-microglobulin haplotypes in U.S. 
beef cattle and association with failure of passive transfer in newborn calves" (2004). Roman L. Hruska 
U.S. Meat Animal Research Center. 315. 
https://digitalcommons.unl.edu/hruskareports/315 
This Article is brought to you for free and open access by the U.S. Department of Agriculture: Agricultural Research 
Service, Lincoln, Nebraska at DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion 
in Roman L. Hruska U.S. Meat Animal Research Center by an authorized administrator of 
DigitalCommons@University of Nebraska - Lincoln. 
Authors 
Michael L. Clawson, Michael P. Heaton, Carol G. Chitko-McKown, James M. Fox, Timothy P. L. Smith, 
Warren M. Snelling, John W. Keele, and William W. Laegreid 
This article is available at DigitalCommons@University of Nebraska - Lincoln: https://digitalcommons.unl.edu/
hruskareports/315 
Beta-2-microglobulin haplotypes in U.S. beef cattle and
association with failure of passive transfer in newborn calves
Michael L. Clawson, Michael P. Heaton, Carol G. Chitko-McKown, James M. Fox,
Timothy P.L. Smith, Warren M. Snelling, John W. Keele, William W. Laegreid
United States Department of Agriculture, Agricultural Research Service, U.S. Meat Animal Research Center (MARC), Spur 18D,
P.O. Box 166, Clay Center, Nebraska 68933, USA
Received: 23 July 2003 / Accepted: 29 October 2003
Abstract
Failure of passive transfer (FPT) is a condition in
which neonates do not acquire protective serum
levels of maternal antibodies. A principal compo-
nent of antibody transport is the neonatal receptor
for the Fc portion of immunoglobulin, a heterodimer
of a MHC-1 alpha-chain homolog (FCGRT) and beta-
2-microglobulin (B2M). Previously, two FCGRT
haplotypes were associated with differences in im-
munoglobulin G (IgG) passive transfer in cattle
(Laegreid et al. (2002) Mamm Genome 13, 704–710).
The present study had two objectives: first, to char-
acterize the B2M haplotype structure in a diverse
group of U.S. beef cattle, and second, to evaluate
those haplotypes for association with either high or
low serum IgG levels in newborn calves. Twelve
single nucleotide polymorphisms (SNPs), assorted
into eight haplotypes, were identified by sequencing
regions of B2M exons II and IV in a multi-breed panel
of 96 beef cattle. Calves homozygous for one of the
eight haplotypes (B2M 2,2) were at increased risk of
FPT (odds ratio = 10.60, CI95% 2.07–54.24, p = 0.005).
These results indicate that this haplotype is in
linkage disequilibrium with genetic risk factors af-
fecting passive transfer of IgG in beef calves, an
important determinant of neonatal calf morbidity
and mortality.
Placental transfer of immunoglobulin does not occur
in cattle (Smith and Little 1922; Mikulska et al.
2000). Calves obtain maternal antibodies solely from
colostrum, the immunoglobulin G (IgG) and protein-
rich milk produced near parturition (Butler 1974;
Stott et al. 1976, 1979a). Maternal IgG is transported
across the neonatal intestinal epithelium within the
first 24 h of life, travels through the lymphatics, and
enters blood circulation via the thoracic duct (Blood
and Radostits 1989; Besser and Gay 1994). Failure of
passive transfer (FPT) results from the reduced
transfer of IgG to neonatal serum.
A number of factors contribute to FPT, including
seasonality (Gay et al. 1965, 1983; McEwan et al.
1970), time of colostrum ingestion after birth (Stott
et al. 1979b), prolonged birth (Szenei 1983; Besser
et al. 1990; Weaver et al. 2000), housing conditions
(with or without dam) (Stott et al. 1979c), and ge-
netics (Norman et al. 1981; Muggli et al. 1987; Vann
et al. 1995; Laegreid et al. 2002). Calves affected with
FPT have increased morbidity and mortality rates
(Wittum and Perino 1995). Thus, FPT represents a
significant risk to the health of calves.
In mammals, the neonatal receptor for the Fc
portion of IgG (FcRn) has prominent maternal and
neonatal roles in IgG transfer. In neonatal rodents,
evidence suggests that FcRn binds IgG on the lumi-
nal plasma membrane of intestinal epithelium and
mediates the transcytosis of IgG to the basolateral
surface (Rodewald and Kraehenbuhl 1984; Israel et al.
1995). In murine lactating mammary glands, FcRn
appears to function as a recycling receptor trans-
porting IgG away from the milk glands (Cianga et al.
1999). In sheep, immunohistological evidence sug-
gests that FcRn is differentially localized in mam-
mary acinar epithelial cells before and after
parturition (Mayer et al. 2002). In cattle, expression of
FcRn genes has been detected in lactating mammary
glands (Adamski et al. 2000; Kacskovics et al. 2000).
In bovine neonates, IgG and other constituents of
colostrum are transported across the intestine by
nonselective pinocytosis (Besser and Gay 1985).
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Although specific transport mechanisms for IgG ab-
sorption by neonates have not been described, the
biology of FcRn in other species suggests it may have
critical transport roles in either the dam or the calf.
FcRn consists of a heterodimer of two different
polypeptides (Simister and Mostov 1989; Simister
et al. 1997); a class 1 major histocompatibility
complex (MHC-I) a-chain homolog encoded by
FCGRT on bovine Chr 18 (Laegreid et al. 2002), and
b2M on bovine Chr 10 (Band et al. 2000). Previous
work has shown that two FCGRT haplotypes, one in
dams and one in calves, are negatively associated
with levels of IgG concentration in calf serum (Lae-
greid et al. 2002). Because b2M is also an integral
component of the FcRn heterodimer, this gene rep-
resents a plausible candidate locus for evaluating
haplotype markers for association with FPT. Asso-
ciation mapping (or linkage disequilibrium [LD]
mapping) makes use of the haplotype ‘‘block’’
structure in a particular genomic region of affected
and control individuals. A haplotype block is a ge-
nomic region defined by minimal evidence of re-
combination in the population of interest (Gabriel
et al. 2002). This study describes the identification
and frequency of eight b2M haplotypes in U.S. beef
cattle and evaluates their association with neonatal
serum IgG concentration.
Materials and methods
Animal populations. Five DNA panels were used in
this study. The U.S. Meat Animal Research Center
(MARC) Beef Cattle Diversity Panel 2.1 (MBCDP2.1;
Heaton et al. 2001) is composed of DNA from 92
bulls collectively representing 16 popular beef breeds
and four Holstein bulls and was used to determine
the genetic diversity of b2M haplotypes in U.S.
breeds. The MARC Purebred Angus Panel 1.4
(MPAP1.4) is composed of DNA from 192 purebred
Angus cattle sampled from seven herds in four
Midwestern States and was used to sample b2M
haplotype diversity in a large population of Angus
cattle. The MARC reference population panel
(Bishop et al. 1994) is composed of DNA from 313
related individuals with known pedigrees and was
used to validate single nucleotide polymorphism
(SNP) segregation. The MARC artiodactyl panel 2.0
(MASP2.0; Laegreid et al. 2002) is composed of DNA
from 92 artiodactyl individuals representing 14 non-
bovine species and was used to determine the an-
cestral state of bovine SNPs and haplotypes. The
DNA panel used for the FPT and high passive
transfer (HPT) case-control study (Laegreid et al.
2002) is composed of germplasm from 16 beef breeds
including MARC II and MARC III composite breeds.
Calves born in the spring and fall of 2000 were used
for this study. Each case animal was matched with
two control animals by birth date, sex, and herd.
Blood was collected from calves 24 h after birth for
the measurement of serum IgG concentration and
DNA extraction as previously described (n = 608
cow-calf pairs; Laegreid et al. 2002).
Primer design, DNA amplification, and
sequencing. Human and bovine b2M sequences were
obtained from GenBank (http://www.ncbi.nlm.nih.
gov) and The Institute for Genomic Research (TIGR;
http://www.tigr.org). Alignments of b2M sequence
from human genomic DNA, cDNA, and bovine
cDNA were constructed in Vector NTI Suite 7.0
(InforMax, Inc. Bethesda, Md.) and used to predict
regions of bovine coding sequences (CDS) and intron/
exon boundaries in cDNA. Polymerase chain reac-
tion (PCR) primers were designed by using Oligo 6.0
software (Molecular Biology Insights, Cascade, Colo.)
and were purchased from commercial vendors. Re-
gions of b2M exon II (BTAB2MDS4) and exon IV
(BTAB2MDS3) were selected for PCR amplification
based on preliminary experiments of primer per-
formance. Amplicons from the multi-breed diversity
panel were sequenced with BigDye terminator
chemistry on an ABI 3700 capillary sequencer (PE
Applied Biosystems, Boston, Mass.) according to the
manufacturer’s protocols. PCR products were se-
quenced with either the amplification primers or
primers nested within the amplicon (Table 1). Addi-
tional amplification primers nested within
BTAB2MDS4 and BTAB2MDS3 were designed and
used for automated genotyping to decrease the like-
lihood of having an undetected SNP disrupt amplifi-
cation of alleles. Duplex PCR reactions for
automated genotyping consisted of 10 lL reactions
containing 5 ng genomic DNA, 0.21 units of HotS-
tarTaq (Qiagen, Valencia, Calif.), 2.5 mM MgCl2, 200
lM dNTPs, and 0.2 lM of primers. PCR conditions
were as follows: 94C for 15 min, 45 cycles of 94C for
20 s, 58C for 30 s, 72C for 1 min, and a final incu-
bation at 72C for 3 min. Amplifications were per-
formed in either a PTC-200 or PTC-220 dyad
thermocycler (MJ Research, Watertown, Mass.). The
samples were stored at 4C after PCR until use.
SNP and haplotype analyses. Sequences from
the 96 animals of the multi-breed diversity panel
were aligned and analyzed with Phred and Phrap
(Ewing and Green 1998; Ewing et al. 1998), Polyph-
red 3.0, and Consed 8.0 (Nickerson et al. 1997)
software. Animals with homozygous genotypes or
one heterozygous site were unambiguously assigned
b2M haplotypes. Amplicons from individuals with
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more than one heterozygous site were ligated with
plasmid DNA (Topo TA cloning vector 2.1) and
transformed into chemically competent cells (Topo
F’) (Invitrogen, Carlsbad, Calif.) to unambiguously
define haplotype phase. PCR and cloning were per-
formed in triplicate for each animal tested. b2M
haplotype relationships were analyzed with a medi-
an-joining network algorithm (Bandelt et al. 1999) in
Network 3.1.0.1 (www.fluxus-engineering.com).
Matrix-assisted laser desorption-ionization
time-of-flight mass spectrometry (MALDI-TOF MS)
genotyping. SNPs identified by sequence analysis
were verified by homogeneous MassEXTEND (hME)
MALDI-TOF MS genotyping (Sequenom, Inc.,
San Diego, Calif.). Five multiplex reactions were
designed to genotype 12 SNP loci (available upon
request). Post-PCR procedures, including unincor-
porated dNTP digestion, hME reaction preparation
and thermocycling, and the purification of hME re-
actions were conducted according to the manufac-
turer’s instructions. Analytes were arrayed onto
silicon chips (Sequenom, Inc.), and MALDI-TOF MS
was conducted with an array mass spectrometer
(Bruker Daltonics Inc., Billerica, Mass.). Resulting
genotypes were stored in a relational database (Ora-
cle, Inc., Redwood City, Calif.) with proprietary
software (Sequenom, Inc.).
Linkage mapping. Haplotype combinations of
individuals in the MARC reference population were
inferred from genotypes and based on the known
haplotypes identified in MBCDP2.1. These haplotype
data were used to verify the location of b2M on bovine
Chr (BTA) 10 and to estimate its position within the
linkage group. The b2M marker was mapped by using
a perl (www.perl.com) interface to CRI-MAP version
2.4 (Green et al. 1990). Assignment to a linkage group
was accomplished via the TWOPOINT option to
determine associations between the b2M marker and
a subset of previously mapped markers representing
all chromosomes. Marker position in the assigned
linkage group was determined by multi-point FIXED
evaluations with the b2M marker placed in each
possible position within the linkage group. Phase
likelihood was determined with CHROMPIC to
identify unlikely genotypes. Additional mapping in-
formation is available in the MARC cattle genome
database (www.marc.usda.gov).
Evaluation of b2M haplotypes for association
with high or low neonatal serum IgG
levels. Neonatal serum IgG concentrations were
measured as previously described (Laegreid et al.
2002). Briefly, calf blood was drawn 24–48 h afterT
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birth, and serum IgG concentration was determined
by radial immunodiffusion by using commercial kits
(VMRD, Inc., Pullman, Wash.). Calves with serum
IgG concentrations greater than 7,781 mg/dL (highest
5th percentile) were characterized as having HPT.
Calves with serum IgG concentrations less than
1,562 mg/dL (lowest 5th percentile) were defined as
having FPT. Calf and dam genotypes were compared
to ensure they were consistent with rules of Men-
delian inheritance. Cow/calf pairs with incompatible
genotypes were considered either mislabeled or mi-
sparented and excluded from the FPT panel. Pearson
chi-square [v2] was used to test for differences in the
distribution of b2M haplotypes between cases and
controls in models of dominance, overdominance,
additive and recessive inheritance. Association of
specific b2M haplotypes with FPT and HPT was
evaluated by multiple logistic regression, with the
most common haplotype in the test population used
as the reference condition. Pearson chi-square was
used to determine the goodness-of-fit for the models.
Results
b2M SNP identification and haplotype diversity. To
identify SNP markers in the b2M gene locus that
may be in LD with polymorphisms influencing IgG
passive transfer, two PCR amplicons were sequenced
from 96 bulls of a multi-breed panel (Fig. 1). Con-
sensus DNA sequence from these amplicons was
100% identical with consensus Bos taurus b2M se-
quence available at the TIGR website, indicating
that both amplicons were derived from bovine b2M
genomic DNA. A comparison of the individual b2M
DNA sequences revealed 12 polymorphic sites.
Eleven SNPs were identified in the 3¢ untranslated
region (UTR) and one in the coding region of exon II
(S85, synonomous). Alleles from one set of five SNPs
(AH27-2, 4, 5, 11, 12) were in perfect LD (phase) in all
animals from the multi-breed panel (Table 2). Simi-
larly, alleles from two other SNPs, AH27-7 and 9,
were in perfect LD in the same panel of animals.
Because the set of SNP alleles present on a DNA
segment of a single chromosome defines a haplotype
allele, and a significant proportion of the SNP alleles
were in perfect LD, this set of 12 markers contains
redundant coverage of haplotype diversity within the
b2M locus. Eight distinct b2M haplotypes were ob-
served in the multi-breed diversity panel (Table 3).
Rooted haplotype relationships of b2M. Bino-
mial statistics predict 13 haplotypes for a set of 12
biallelic SNPs where recombination has not eroded
LD. Analysis of eight bovine b2M haplotypes
Fig. 1. Physical map of b2M. Physical maps of human genomic b2M DNA sequence (GenBank accession NT_030828),
human b2M mRNA (GenBank accession AB021288), bovine consensus b2M mRNA available from TIGR, and two PCR
amplicons, (BTAB2MDS4, GenBank accession AY325772 and BTAB2MDS3, GenBank accession AY325771). b2M exons,
introns, and coding sequence are represented by unfilled rectangles, thin lines, and solid black arrows respectively. The
hatched rectangles represent intergenic DNA. Dashed lines indicate genomic regions of b2M amplified with PCR.
Numbered vertical lines on BTAB2MDS4 and BTAB2MDS3 represent the location of SNPs AH27-1 through AH27-12.
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produced an unrooted tree with 13 nodes (data not
shown). To estimate b2M haplotype ancestry in cat-
tle, related species from the MASP2.0 panel were
sequenced, and their allelic state was scored at the
corresponding 12 SNP sites. Complete haplotype
information was obtained for bison, gaur, water
buffalo (haplotype 9), bighorn sheep, domestic sheep,
and mountain goat (triangle haplotype) (Fig. 2). An
analysis of the eight bovine and two MASP2.0 panel
haplotypes with the median-joining algorithm iden-
tified two major bovine lineages, five theoretical b2M
haplotypes, and an ovine specific lineage. Because
haplotype 9 was observed in bison, gaur, and water-
buffalo, and was predicted as a node of one cattle
lineage, this haplotype may have been present in a
recent ancestor common to these species. The me-
dian-joining tree indicates that haplotype 11 is the
most likely ancestral haplotype of the two bovine
lineages because it is arranged between haplotypes 9,
13, and the ovine specific haplotype (Fig. 2, triangle).
Conversely, bovine haplotypes present on the ter-
minal nodes of the tree (2, 3, 6, 8) are predicted to
represent younger mutations with regard to their
haplotype lineages. Five of the observed haplotypes
(1, 2, 3, 6, 7) are present in one major lineage and in
breeds influenced primarily by B. taurus germplasm.
The three remaining observed haplotypes (4, 5, 8) are
present in the other major lineage and were preva-
lent in breeds influenced by B. indicus germplasm.
Linkage mapping. Two-point analyses detected
significant LD (lod>3.0) between the b2M marker and
markers previously mapped to BTA 10. Significant
LD with markers mapped to other linkage groups
was not identified. The strongest associations (indi-
cated by high lod scores and low recombination
fractions) were with markers near the telomere.
Multipoint analyses of BTA 10 indicates the most
likely placement of the b2M marker is at the most
telomeric marker, 107 cM from the centromere with
194 informative meiosis. Inserting the b2M marker
into positions other than the most distal one sub-
stantially decreases likelihood of the map (lod dif-
ferences of )10 to )134).
Association of b2M haplotypes with IgG con-
centration. Six b2M haplotypes were observed in
case and control animals of the FPT test group (Table
4) and thus were available for an evaluation of their
association with FPT. The frequency of b2M geno-
type 2,2 was greater than sevenfold higher in case
calves than in the control calves. Unconditional lo-
gistic regression analysis of a recessive haplotype
inheritance pattern showed a significant association
of case calves scored with the b2M genotype 2,2 and
FPT (Pearson’s chi-square [v2] = 4.61, p = 0.03, odds
ratio [O.R.] = 10.60, 95% confidence interval of O.R.
[CI95%] = 2.07 to 54.24, p = 0.005). Goodness-of-fit of
the model was adequate by Pearson v2. No HPT as-
sociations were detected with the five b2M haplo-
types available for analysis.
Discussion
Neonatal calves with FPT are at significant risk of
morbidity and mortality from infectious disease
(Smith and Little 1922; McGuire et al. 1976). This
report describes the structure of b2M haplotypes in a
diverse group of U.S. beef cattle and the association
of one b2M haplotype with FPT in neonatal calves.
The identification of each of the 12 b2M SNPs and
their haplotypes was validated by DNA sequencing,
MALDI-TOF MS, and segregation analysis. Further
evidence of marker quality was demonstrated in
Fig. 2. Rooted haplotype relationships of bovine b2M. Cir-
cles represent extant bovine b2M haplotypes identified in
this study. The circle areas are proportional to haplotype
frequency in the multi-breed cattle panel. The proportion
of haplotypes contributed by British or Continental
germplasm is indicated by areas of black or white within
the circles respectively. The shaded areas indicate the
proportion of haplotypes contributed by germplasm influ-
enced by Bos indicus breeds. Black rectangles represent
bovine b2M haplotypes predicted to have arisen, but not
observed in the multi-breed cattle panel. The black trian-
gle represents a haplotype observed in bighorn sheep,
mountain goat, and sheep. All non-bovine alleles were
monomorphic at the sites corresponding to the 12 bovine
SNPs. The arrow indicates the proposed direction of time.
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multi-point linkage analysis by the gene locus map
position approximately 107 cm from the centromere
of BTA 10, the chromosome previously predicted
(Band et al. 2000). Because of the relatively high LD
among the SNP alleles, the eight b2M haplotypes
appear to represent the majority of diversity for this
region of the genome in U.S. beef cattle populations.
The association of b2M genotype 2,2 with FPT
indicates that a genomic block containing b2M has
one or more genetic risk factors affecting IgG trans-
fer. Haplotype 2 is defined by an SNP allele within
the 3¢UTR (exon 4; AH27-3), and the possibility that
it directly effects passive transfer cannot be exclud-
ed. Regardless of the precise location of alleles in-
fluencing FPT, AH27-3 represents a useful marker
for predicting FPT since calves that inherit the b2M
genotype 2,2 are 10 times more likely to fail passive
transfer than calves with other b2M genotypes. The
significance of this finding is increased by the ob-
servation that the 2,2 genotype was found in 9% of a
diverse group of U.S. beef cattle.
Haplotype alleles for each gene of the neonatal
Fc receptor (FCGRT and b2M) have now been eval-
uated for association with FPT. These alleles reside
on different bovine chromosomes and therefore rep-
resent genetic risk associated with FPT from differ-
ent haplotype blocks. With regards to FCGRT, dams
with one or more copies of FCGRT haplotype 3 were
previously shown to be 3.8 times more likely to have
a calf with FPT (Laegreid et al. 2002). This raises the
question: if dams with FCGRT haplotype 3 give birth
to calves with two copies of b2M haplotype 2, what
are the odds that the calves will fail passive transfer?
Only three dam/calf pairs in the present study met
this criterion, and thus there were not enough cases
to be statistically significant. However, all three of
the calves were cases of FPT. Consequently, a cu-
mulative effect between haplotype alleles in the
FCGRT and b2M genomic regions cannot be ruled
out.
Prospective studies designed to determine the
attributable risk and predictive value of both b2M
and FCGRT haplotype markers are needed to help
determine how best to manage these alleles in pro-
duction settings. Managing alleles with significant
predictive value for FPT may facilitate the reduction
of infectious diseases in beef cattle.
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